Chiasma frequencies and distributions were compared in males and females, with and without different types of B-chromosomes, from four Spanish natural populations of Eyprepocnemis plorans. Mean cell chiasma frequency and mean autosomal chiasma frequency were substantially and significantly lower in females than in males. Females also showed altered chiasma distributions compared with males, with fewer proximal chiasmata and more interstitial and distal chiasmata. A variety of sex differences in meiotic chiasmata have now been described in the Orthoptera and these are compared and discussed. B-chromosomes had no effects on mean chiasma frequency and relatively little general effect on chiasma distribution, although some minor effects of B-chromosomes on chiasma distribution were detected in certain populations and classes of bivalents. In some of these cases B-chromosomes affected chiasma distribution in females but not in males.
INTRODUCTION
Observations on chiasma frequency and distribution in female Orthoptera are hindered by the technical problems posed by the relatively low numbers of oocytes produced and the large amounts of yolk present in oocytes at the time of maturation. These problems were overcome by the development of a suitable squash technique for examining first metaphase nuclei (Perry and Jones, 1974) . Subsequently this method, or modifications of it, have been used to study oocyte first metaphases in a number of grasshopper species (Jones et a!., 1975; Hewitt, 1976; Fletcher and Hewitt, 1980 ), but the number of different species examined is still relatively low.
The grasshopper Eyprepocnemis plorans has been intensively studied in recent years, primarily in relation to the B-chromosome polymorphism it displays (e.g., Camacho et aL, 1980; Henriques-Gil ci a!., 1982a; Henriques-Gil et a!., 1984) . There is an obvious interest in extending this study to include oocyte meiosis. An account of the oocyte squash technique as modified for E. plorans and a description of the meiotic sequence and its timing during oocyte maturation have already appeared (Henriques-Gil et a!., 1986). The present paper presents a comparative study of chiasma frequency and distribution at first metaphase in males and females from four Spanish natural populations containing different types of B-chromosomes. MATERIALS 
AND METHODS
Mature adults of E. plorans were collected from four Spanish natural populations during September 1984. Males were dissected and their testes fixed in acetic alcohol prior to making orcein stained squash preparations ( fig. 1(a) ). Females were maintained in cages in laboratory conditions until required. Squash preparations of oocyte first metaphases were made using the method of Perry and Jones (1974) as modified by Henriques-Gil et aL, (1986) (figs. 1(b)-(d) ). Chiasmata were scored from 10 metaphase-1 cells from both males and females.
RESULTS

B-chromosome types
The main types of B-chromosomes, following the nomenclature of Henriques-Gil et aL (1984) , Although one B-type predominated in each of these populations, other B-types were also present and likely to be included in the samples subjected to meiotic analysis. The low frequencies of some B-types, combined with the necessity for Cbanding to distinguish some of them meant that for practical reasons the analyses were restricted to investigating the effects of B-chromosomes in general, irrespective of B-types.
Mean chiasma frequencies Table I gives the mean cell chiasma frequencies of male and female grasshoppers having different numbers of B-chromosomes, (OB, lB. 213) from the four natural populations sampled. These means are based on variable numbers of insects (n), which are also given in table 1. It should be noted that the female means are based on 12 bivalents, including the X chromosome pair, while the male means are based on only the 11 autosomal bivalents, the single male X-chromosome forming a univalent in spermatocytes. The chiasmata, if any, formed by B-chromosomes are not included in these mean chiasma frequencies.
It is apparent from shows that there is no significant effect of Bchromosomes on mean chiasma frequency, but there is a just significant (P <0.05) difference in mean chiasma frequency between populations.
None of the first order interaction items (sexes x populations; sexes x B-chromosomes; populations x B-chromosomes) are significant and they have therefore been combined with the second order interaction (sexes x populations x Bchromosomes) to provide a joint error item.
Chiasma distribution
In order to analyse variation in chiasma distribution within bivalents, all chiasmata scored were assigned by eye to one of 3 regions (proximal, interstitial or distal), each of which occupied one third of each telocentric bivalent. The chiasmata in each of these regions were then summed over insects within B classes (OB, 1B, 2B) and populations. As in the previous analysis of means, 1 B and 2B totals were grouped together since no 2B male insects were sampled in two of the four populations. Because it is known from many previous studies, involving a variety of species, that chiasma positions in bivalents are dependent on chiasma number (e.g., Southern, 1967; Shaw and Knowles, 1976) bivalents having one chiasma were separated from those having two chiasmata (tc). In addition, it was possible to separate the one-chiasma bivalents into two sub-classes, the distinct small (s) group, comprising 3 bivalents in each cell, which invariably form one chiasma in both males and females, and the remaining long and medium sized bivalents, including the X-bivalent (lmx). It was not possible to identify the X-bivalent in oocyte first metaphases as it was indistinguishable from similar sized autosomal bivalents (Henriques-Gil et a!., 1986). The data are presented in table 3. The chiasma position data were analysed using the log-likelihood ratio statistic (Kullback, 1959) . This statistic closely follows the theoretical 2-distribution and has been used to examine homogeneity of chiasma position in relation to population, sex and presence of B-chromosomes. Essentially this procedure tests whether the distribution of chiasmata among proximal, interstitial and distal segments is significantly associated with sex, B-chromosome or population differences, either singly or in various combinations. These analyses assume that chiasma distribution is relatively homogeneous between insects in the lowest level groupings (within B-classes, within sexes, within populations) and this has been shown to be the case. The results of these analyses are summarised in tables 4 and 5 for the 3 bivalent classes separately (i.e., s, tc and !mx). As a preliminary step, the higher order associations (chiasma position x sex x B chromosomes x populations) were examined, since this determines the form of the subsequent analyses. In bivalent classes s and tc this association is non-significant, which simplifies the analyses for these classes of bivalents (table 4) allowing them to be broken down in a straightforward manner to examine the lower order associations. However, in the lmx bivalent class the higher order association of sex, B-chromosomes, populations and chiasma position is highly sig- 
Effects of sex on chiasma position
The chiasma position x sex item is highly significant in all three analyses (see tables 4 and 5).
Clearly there is a very marked and consistent effect of sex on chiasma position in all three bivalent classes and in all four populations. Examination of table 3 reveals the nature and extent of this effect. In general, females show proportionally fewer proximal chiasmata and many more interstitial and distal chiasmata in comparison with males, although the chiasma distribution patterns present both in males and females vary according to the bivalent class.
An examination of the second order associations in tables 4 and 5 shows that B-chromosomes and population differences can influence the effect of sex on chiasma distribution but these effects are inconsistent over bivalent classes and populations. For example B-chromosomes significantly affect the sex difference in chiasma distribution only in the s bivalent class and in population DA for the lmx bivalents. In both these cases, the presence of B-chromosomes seems to enhance the sex difference in chiasma distribution. Population differences significantly influence the effect of sex on chiasma position only in the tc bivalent class. this cannot be investigated in lmx bivalents. In both s and tc bivalents highly significant populations x chiasma position associations are apparent (table 4) . From an examination of table 3 this appears to be due to the presence of distinctive chiasma distributions in males and females of population DA. B-chromosomes are also associated with this population difference in tc bivalents (P<0O5) but not in s bivalents.
DISCUSSION
The overall mean cell chiasma frequency of E. plorans females is close to one chiasma less than that of males. When allowance is made for the presence of an additional (X) bivalent in females, the difference between the sexes is even more pronounced. However, as discussed in earlier papers (Jones et a!., 1975; Hewitt, 1976; Fletcher and Hewitt, 1980) , the allowance to be made for the X-bivalent cannot be determined exactly when the X-bivalent itself is indistinguishable from similar sized autosomal bivalents. In the case of E. plorans, it is likely to lie in the range between 1 chiasma (the minimum obligate chiasma possessed by each bivalent) and 13 chiasmata (an estimate based on the relative length of the X-chromosome and the mean chiasma frequency of oocytes). Consequently it is estimated that the eleven autosomal bivalents of this species form between 20 and 23 fewer chiasmata in females as compared with males. In addition, this study has demonstrated a pronounced difference in the distributions of chiasmata within bivalents in the two sexes, with females having proportionally more interstitial and distal chiasmata and fewer proximal chiasmata. It has often been stated, following an observation by Haldane (1922) , that where linkage differentials exist between the sexes it is the heterogametic sex in which crossing over is lowered in frequency or absent (e.g., Swanson et a!., 1981) . While this appears to be supported by the almost universal restriction of achiasmate meiosis to the heterogametic sex in a variety of invertebrate animal groups (White, 1973) there does not appear to be any consistency in this respect among eutherian mammals (Dunn and Bennett, 1967) although two of the most widely studied species, mice and humans, do show the predicted lower male recombination frequencies.
Haldane's suggestion is also seriously questioned by the recent finding that heterogametic males of the marsupial insectivore Sminthopsis crassicaudata have much higher recombination frequencies than females (Bennet eta!., 1986) . This is reflected at the cytogenetical level in a dramatic difference in chiasma frequency and distribution in the two sexes in which females have fewer chiasmata which show marked distal localisation.
Among Orthoptera three species are known in which the males display extreme localisation of chiasmata, and consequently very restricted recombination, while the females have higher numbers of less localised chiasmata. These species are Stethophyma grossum (White, 1973; Perry and Jones, 1974) , Parapleurus alliaceus and Chrysochraon dispar (Fletcher and Hewitt, 1980) . The present study shows that E. plorans is aImst the reverse of these cases in that males have high frequencies of relatively unlocalised chiasmata while females have lower frequencies of more localised chiasmata, although the degree of localisation does not approach that found in males of Stethophyma,
Parapleurus and Chrysochraon. Chortoicetes terminfera, the Australian plague locust, appears to be almost a parallel case to E. plorans with females showing a lower chiasma frequency than males and more distally localised chiasmata at least in the medium length bivalents (Fletcher & Hewitt, 1980) . Hewitt (1976) also reported a significantly lower autosomal mean chiasma frequency in females of Myrineleotettix maculatus, but there was no sex difference in the distribution of chiasmata in this case. Finally, Chorthippus brunneus, the common field grasshopper, shows no significant difference in autosomal chiasma frequency between the sexes but females show a tendency to form more distal chiasmata than males although the difference is not great (Jones et a!., 1975) .
Urodele amphibians belonging to the genus Triturus also show a diversity of meiotic sex differences (Callan and Perry, 1977) . In the palmate newt, Triturus helveticus, male meiosis is characterised by extreme distal localisation of chiasmata, while in females more or less the same numbers of chiasmata are located interstitially in all bivalent arms. In contrast, males of all subspecies of the crested newt, T cristatus, show relatively unlocalised chiasmata distributed along the lengths of most bivalent arms. Females of T. cristalus, however, show much lower frequencies of strictly localised chiasmata, but in this case the chiasmata are localised proximally. Males are believed to be the heterogametic sex in both T. helveticus (Schmid et a!,, 1979) and T. cristatus (Sims et a!., 1984) .
B-chromosomes occur fairly commonly among Orthopteran species and a number of studies have investigated the effects of B-chromosomes on the chiasma frequencies and distributions of A-chromosomes (reviewed by Jones, 1975) . In E. plorans B-chromosomes have been shown to influence both the mean chiasma frequency of A chromosomes and the variance of cell chiasma frequencies (Camacho et a!., 1980) but the influence of B-chromosomes on chiasma frequency in this species has also been shown to be strongly dependent on the background genotype (Henriques-Gil et a!., 1982b). Most investigations of B-chromosomes and their effects have been conducted on male meiosis and relatively little is known about their effects on female meiosis. Hewitt (1976) found that B-chromosomes cause an increase in chiasma frequency in females of Myrmeleotettix maculatus just as they do in males; however, the effect of B-chromosomes on chiasma frequency was additive in females whereas in males 2Bs had no more effect than lB.
In the present study the presence of B-chromosomes had no overall significant effect on chiasma frequency in males or females of F. plorans. Presumably the background genotypes of the insects studied rendered them insensitive to the effects of B-chromosomes (Henriques-Gil et al., 1982b) . However, the analyses of chiasma distribution revealed some minor effects of B-chromosomes on chiasma positions although there was no striking overall effect. A general effect of B-chromosomes on chiasma distribution was found only for the !mx bivalent class and only in population FG. More subtle effects, in which B-chromosomes affected chiasma distribution in females but not in males were found for the .c bivalent class generally and for the lmx bivalent class in population DA. In all these cases the B-chromosomes caused a shift to more interstitial and distal chiasma distributions, that is they enhanced the normal sex difference in chiasma distribution.
Interpopulation differences in chiasma frequency have been reported from a variety of plant and animal species (surveyed by Whitehouse el a!., 1981). In the present study a small but significant (P <0'05) interpopulation difference in chiasma frequency was found. in general, there is much less information on interpopulation differences in chiasma distribution (Whitehouse et al., 1981) . In E. plorans the analysis of chiasma distribution has revealed a significant difference between populations which was attributed to the presence of distinctive chiasma distributions in males and females from one population, DA. This population appears to be unusual in other respects too since it contributed to the significant higher order association of chiasma position, sex, Bchromosomes and populations for the !mx bivalent class and this population also showed a significant association of chiasma position, sex and Bchromosomes which was traced to a significant effect of B-chromosomes on chiasma position in females but not in males. Evidently this population shows a number of interesting features not found in the other populations sampled. This could be related to the geographical origins of the populations sampled since population DA is from eastern Spain while the other three populations are from southern Spain.
